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(54) Diversity receiver for burst OFDM signal transmission 



(57) An object of the present invention is to provide 
a diversity receiver having an excellent anti-multi-path 
fading characteristic in a further simple structure. 

A diversity receiver according to the present inven- 
tion measures a reception level, delay spread and a 
phase of a burst OFDM modulates signal received by a 
plurality of antennas. Received signals of arbitrary 
antennas are combined for synthesization and demodu- 
lated in accordance with a result of measurement, 
thereby obtaining the excellent anti-multi-path fading 
characteristic. 
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D scrlptlon 

[0001] The present invention relates to a diversity 
receiver for a burst OFDM modulated signal transmis- 
sion system using orthogonal frequency domain multi- 
plex (which will be referred to as OFDM hereunder), and 
more particularly to a diversity receiver superior in an 
anti-multi-path fading characteristic. 
[0002] The orthogonal frequency domain multiplex 
modulation mode is a multi-carrier modulation mode 
using a plurality of sub-carriers. In the OFDM modula- 
tion mode, transmission data is divided and distributed 
in accordance with each sub<jarrier to be transmitted. 
Since a plurality of sub-carriers are used to transmit 
data, there is no need to assure a wide band for each 
sub-carrier. This is advantageous in the anti-multi-path 
fading characteristic. 

[0003] The further prevalence of the data transmis- 
sion system using OFDM is expected in the field of 
mobile radio communication. Various kinds of personal 
digital assistance are proposed in the field of mobile 
ratio communication. A user is becoming capable of 
performing data communication even when the user is 
moving at high speed, and a need for improvement in 
the communication performance in the mobile commu- 
nication. In addition, a receiver having the excellent anti- 
multi-path fading characteristic in a further simple struc- 
ture is desired. 

[0004] Conventionally, as an example of a receiver 
adopting the OFDM modulation mode superior In the 
anti-multi-path fading characteristic, a diversity receiver 
such as shown in Fig. 1 has been used. The illustrated 
diversity receiver has been conventionally known. This 
is a so-called an antenna selective diversity system. 
[0005] An OFDM modulated signal received by this 
diversity receiver is intermittently transmitted. Each 
intermittently transmitted signal is referred to as an 
OFDM burst signal and has a fixed format. 
[0006] Fig. 2 shows a structure of the OFDM burst 
signal received by the diversity receiver depicted in Fig. 
1. 

[0007] Referring to Fig. 2, each OFDM burst signal 
is constituted by a preamble signal for antenna selection 
11, a preamble signal for synchronization 12, a pream- 
ble signal for channel estimation 13, and data 14 in the 
mentioned order. 

[0008] In Fig. 1, the OFDM modulated signals (RF 
signals) received by antennas 101-1 to 101 -N are 
respectively amplified by low noise amplifiers 201-1 to 
201 -N and inputted to a selection circuit 1101. The 
selection circuit 1101 switches output signals from the 
low noise amplifiers 201-1 to 201 -N to be sequentially 
selected. The output signals which are outputted from 
the low noise amplifiers 201 -1 to 201 -N and selected by 
the selection circuit 1101 are inputted to a frequency 
conversion circuit 501 . The frequency conversion circuit 
501 converts the output signal from the selection circuit 
1 101 to an IF frequency to be outputted therefrom. An 



OFDM demodulation circuit 601 demodulates an output 
signal from the frequency conversion circuit 501 . 
[0009] Meanwhile, the output signal from the fre- 
quency conversion circuit 501 is inputted to a reception 

5 level measurement circuit 701. The reception level 
measurement circuit 701 measures a level of the input 
signal and outputs received signal level information. 
[0010] The selection circuit 1101 refers to the 
received signal level information outputted from the 

10 reception level measurement circuit 701 and selects an 
antenna whose reception level is maximum. 
[0011] However, the above-described receiver 
adopting the OFDM modulation mode in the antenna 
selective diversity system can not necessarily demon- 

15 strate the excellent anti-multi-path fading characteristic 
in the multi-path fading environment. 
[0012] That is, in the multi-path fading environment, 
the reception level of a given sub-carrier may be low- 
ered in some cases even if an antenna having the max- 

20 imum reception level is selected. In such a case, data 
transmitted by using the sub-carrier having the lowered 
reception level can not be accurately demodulated, 
which may cause an error. 

[0013] Accordingly, selection of an antenna having 
25 the maximum reception level can not be necessarily 
optimum. 

[0014] It is therefore an object of the present inven- 
tion to provide a diversity receiver which has a further 
simple structure and the excellent anti-multi-path fading 

30 characteristic. 

[0015] To this end, a diversity receiver according to 
the present invention has a structure in which received 
signals of a plurality of antennas receiving burst OFDM 
modulated signals are selected to be synthesized. 

35 [0016] Controlling means for selecting an antenna 
in accordance with the reception state of each antenna 
controls so as to synthesize received signals of all the 
antennas upon detecting the OFDM burst signal. 
[0017] Further, another controlling means controls 

40 so as to turn on all ON/OFF switches of the antennas 
whose reception level exceeds a determined reception 
level to synthesize received signals upon detecting the 
OFDM burst signal. 

[0018] Furthermore, still another controlling means 
45 measures channel delay spread of the received signal 
of each antenna upon detecting the OFDM burst signal 
and turn on all ON/OFF switches of the antennas whose 
delay spread is within a determined threshold value to 
synthesize a received signal. 
50 [0019] Moreover, yet another controlling means 
measures a phase of the received signal of each 
antenna upon detecting the OFDM burst signal and turn 
on all ON/OFF switches of the antennas having the 
received signal with the same phase to be synthesized. 
55 [0020] In addition, further controlling means con- 
trols so as to turn on power supplies of only low noise 
amplifiers of the antennas used for reception in order to 
reduce the consumption power. 
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[0021] The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description when 
taken in conjunction with the accompanying drawings 
wherein: 

Fig. 1 is a block diagram of a prior art diversity 
receiver; 

Fig. 2 is a structural drawing of an OFDM burst sig- 
nal as a received signal of the diversity receiver 
illustrated In Fig. 1 ; 

Fig. 3 is a block diagram showing a first embodi- 
ment of a diversity receiver according to the present 
invention; 

Fig. 4 is a block diagram showing a second embod- 
iment of a diversity receiver according to the 
present invention; 

Fig. 5 is a block diagram of an OFDM demodulation 
circuit 601 illustrated in Rg. 4; 
Fig. 6 is a block diagram showing a third embodi- 
ment of a diversity receiver according to the present 
Invention; and 

Fig. 7 a block diagram showing a fourth embodi- 
ment of a diversity receiver according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0022] Fig. 3 is a block diagram showing a structure 
of a diversity receiver according to a first embodiment of 
the present invention. 

[0023] In Fig. 3, N antennas 101-1 to 101-N receive 
OFDM modulated signals transmitted from a transmit- 
ter. The OFDM burst signals received by the respective 
antennas are amplified by low noise amplifiers 201-1 to 
201 -N. 

[0024] ON/OFF switches 301-1 to 301 -N are 
respectively provided at rear stages of the low noise 
amplifiers 201-1 to 201 -N and causes output signals 
from the low noise amplifiers 201-1 to 201 -N to become 
intermittent in accordance with a control signal from an 
antenna control circuit 801 . 

[0025] An synthesization circuit 401 synthesizes 
output signals from the ON/OFF switches 301-1 to 301- 
N. 

[0026] A frequency conversion circuit 501 converts 
an output signal from the synthesization circuit 401 into 
a signal for an IF frequency band. 
[0027] An OFDM demodulation circuit 601 demodu- 
lates the IF frequency signal outputted from the fre- 
quency conversion circuit 501 . 

[0028] A reception level measurement circuit 701 
receives the IF frequency signal outputted from the fre- 
quency conversion circuit 501 to measure a signal level 
thereof and outputs received signal level information to 



the antenna control circuit 801 . 

[0029] The antenna control circuit 801 is constituted 
by a burst signal detection circuit 901 and a control sig- 
nal generation circuit 1001. The burst signal detection 
5 circuit 901 compares a predetermined threshold value 
with the received signal level Information of the recep- 
tion level measurement circuit 701 and detects a bust 
signal. 

[0030] The control signal generation circuit 1001 
10 sequentially changes over the ON/OFF switches until 
the burst signal detection circuit 901 detects the burst 
signal. The reception level measurement circuit 701 
individually measures levels of the received signals 
from the antennas 101-1 to 101-N, and the burst signal 
15 detection circuit 901 detects the burst signal. When the 
burst signal detection circuit 901 detects the burst sig- 
nal, the control signal generation circuit 1001 controls 
so as to turn on all the ON/OFF switches 301-1 to 301- 
N. 

20 [0031] The above-described diversity receiver 
according to the present invention synthesizes the 
received signals from other antennas and averages the 
reception levels of the respective sub-carriers even 
though a level of a specific sub-carrier received by a 

25 given antenna is lowered due to the multi-path fading 
and an error is thereby generated in the demodulated 
data. 

[0032] This can compensate the reduction in the 
level of the specific sub-carrier received by a given 
30 antenna and prevent an error In the demodulated data 
from occurring. In this manner, the anti-multi-path fading 
characteristic can be improved. 

[0033] Additionally, in the diversity receiver illus- 
trated In Fig. 3, after the burst signal detection circuit 

35 901 detects the burst signal, the control signal genera- 
tion circuit 1001 may sequentially change over the 
reception antennas by controlling the ON/OFF switches 
301-1 to 301 -N and the reception level measurement 
circuit 701 may measure the reception levels of the 

40 respective antennas. In this case, the control signal 
generation circuit 1001 refers to a result of measure- 
ment by the reception level measurement circuit 701 
and controls so as to turn on ail the ON/OFF switches of 
the antennas whose reception level exceeds the prede- 

45 termined threshold value in the ON/OFF switches 301 -1 
to 301 -N. 

[0034] By doing so, the received signals of the 
antennas having the excellent reception state can be 
synthesized to improve the anti-multi-path fading char- 
50 acteristic. 

(Second Embodiment) 

[0035] Fig. 4 is a block diagram of a diversity 
55 receiver according to a second embodiment of the 
present invention. 

[0036] In the drawing, a difference from Fig. 3 lies In 
that channel delay spread information 61 1 is inputted 
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from the OFDM demodulation circuit 601 to the control 
signal generation circuit 1002 of the antenna control cir- 
cuit 802. 

[0037] The control signal generating means 1002 
sequentially changes over the ON/OFF switches until s 
the burst signal is detected by the burst signal detection 
circuit 901. The reception level measurement circuit 701 
individually measures levels of the received signals 
from the antennas 101-1 to 101-N, and the burst signal 
detection circuit 901 detects the burst signal. io 
[0038] When the burst signal detection circuit 901 
detects the burst signal, the control signal generation 
circuit 1002 sequentially changes over the respective 
antennas and measures the delay spread of the 
received signals from the respective selected antennas is 
in the OFDM demodulation circuit 601 . 
[0039] Here, the structure of the OFDM demodula- 
tion circuit 601 will be concretely described. 
[0040] Rg. 5 is a block diagram showing the struc- 
ture of the OFDM demodulation circuit 601 . 20 
[0041] In Fig. 5, a synchronization circuit 604 inputs 
a digital complex baseband signal 609 which has been 
sample-quantized by an A/D converter (not shown) for 
digitizing an output signal from the frequency conver- 
sion circuit 501 and detects a preamble signal for syn- 2S 
chronization 12 to synchronize. 

[0042] A Fourier conversion circuit (FFT) 605 sub- 
jects an output signal from the synchronization circuit 
604 to Fourier conversion and separates the OFDM 
modulated signal into signals for the respective sub-car- 30 
riers to be outputted. 

[0043] A sub-carrier demodulation circuit 606 
receives an output signal from the FFT 605 and demod- 
ulates the received signal in accordance with each sub- 
carrier. ^ 
[0044] A correlator 602 establishes correlation 
between an output signal from a preamble storage cir- 
cuit 603 previously storing a signal pattern of a pream- 
ble signal for antenna selection 11 and the digital 
complex baseband signal 609 and outputs impulse 40 
response characteristic information. The impulse 
response characteristic information represents a chan- 
nel impulse response characteristic of the channel in 
the digital form. 

[0045] A delay spread detection circuit 607 detects 45 
channel delay spread from the impulse response char- 
acteristic information outputted from the correlator 602 
and outputs the channel delay spread information 611 
to the antenna control circuit 802. 

[0046] Again referring to Fig. 4, the control signal so 
generating means 1002 refers to the channel delay 
spread information 61 1 from the delay spread detection 
circuit 607 and controls the ON/OFF switches 301-1 to 
301 -N so as to turn on all ON/OFF switches of the 
antennas which receives a delay spread signal smaller ss 
than the predetermined threshold value. 
[0047] Since only the received signals from the 
antennas which receive the delay spread signal smaller 



than the predetermined threshold value are inputted to 
the synthesization circuit 401 where these signals are 
synthesized, the anti- multi-path fading characteristic 
can be improved without increasing the interference 
between codes. 

(Third EmkKsdiment) 

[0048] Fig. 6 is a block diagram of a diversity 
receiver according to a third embodiment of the present 
invention. 

[0049] In the drawing, a difference from Fig. 3 lies in 
that the channel impulse response characteristic infor- 
mation 612 is inputted from the OFDM demodulation 
circuit 601 to the control signal generation circuit 1003 
of the antenna control circuit 803. 
[0050] The control signal generating means 1003 
sequentially changes over the ON/OFF switches until 
the burst signal detection circuit 901 detects the burst 
signal; the reception level measurement circuit 701 indi- 
vidually measures levels of the received signals from 
the antennas 101-1 to 101-N; and the burst signal 
detection circuit 901 detects the burst signal. 
[0051] When the burst signal detection circuit 901 
detects the burst signal, the control signal generation 
circuit 1002 sequentially changes over the respective 
antennas and measures the phase of the received sig- 
nal from each selected antenna in the OFDM demodu- 
lation circuit 601. 

[0052] Here, again referring to Fig. 5, the operation 
of the OFDM demodulation circuit 601 In this example 
will be concretely explained. 

[0053] In Fig. 5, a phase information detection cir- 
cuit 608 detects a phase of the received signal output 
from the correlator 602 and outputs channel phase 
Information 612 to the antenna control circuit 803. 
[0054] Again referring to Fig. 6. the control signal 
generating means 1003 refers to the channel phase 
information 612 from the phase information detection 
circuit 608 and controls the ON/OFF switches 301-1 to 
301 -N in such a manner that the antennas having the 
received signal in phase are combined. 
[0055] To the synthesization circuit 401 are inputted 
signals from the antennas having the received signals in 
phase and these signals are synthesized. 
[0056] This can enhance the level of the output sig- 
nal from the synthesizing circuit 401 and improve the 
anti- multi-path fading characteristic. 
[0057] Further, it is needless to say that the control 
signal generating means 1003 can be designed so as to 
refer to both the channel phase information 612 from 
the phase information detection circuit 608 and the 
channel delay spread information 61 1 outputted from 
the delay spread detection circuit 607. 
[0058] In this case, if a reception antenna having 
the delay spread within the predetermined threshold 
value is selected, an antenna for receiving, e.g., a signal 
with the anti-phase can be eliminated from the antenna 
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having the smalt delay spread when the control signal 
generating means 1003 also refers to the channel 

phase information 612 of the received signal of each 
antenna, and the anti-multi-path fading characteristic 
can be further improved. 

(Fourth Embodiment) 

[0059] Fig. 7 is a block diagram of a diversity 
receiver according to a fourth embodiment of the 
present invention. 

[0060] In the drawing, a difference from Fig. 3 lies in 
that the antenna control circuit 801 controls to turn 
on/off the low noise amplifiers 201 -1 to 201 -N in place of 
controlling the ON/OFF switches 301 -1 to 301 -N. 
[0061] That is, the power supply control circuit 202 
controls to turn on/off the power supply of the respective 
low noise amplifiers 201-1 to 201 -N upon receiving an 
output signal from the control signal generation circuit 
1001. 

[0062] With this operation, only one low noise 
amplifier can consume the power until the burst signal is 
detected, thereby reducing the consumption power of 
the receiver, 

[0063] This embodiment can be similarly applied to 
the second and third embodiments as well as the first 
embodiment, each of which can have the effect for 
reducing the consumption power. 
[0064] When this embodiment is applied to the sec- 
ond and third embodiments, it is needless to say that 
consumption power can be further reduced by appropri- 
ately turning on/off the power supply of the low noise 
amplifier of the non-selected antenna not only In the 
received signal waiting mode but also after detection of 
the burst signal. 

[0065] As described above, even if a level of a spe- 
cific sub-carrier of the received signal of a given 
antenna is lowered due to the multi-path fading to cause 
an error in the demodulated data, the levels of the 
respective sub-carriers can be averaged and an error 
rate characteristic can be improved in the multi-path 
environment when the diversity receiver according to 
the present invention appropriately selects and synthe- 
sizes the received signals from other antennas. 
[0066] Further, when the diversity receiver accord- 
ing to the present invention operates so as to select the 
received signal from any one antenna until the burst sig- 
nal is detected, the consumption power in the reception 
standby mode can be suppressed as similar to a 
receiver having no diversity processing. 
[0067] While this invention has been described in 
connection with certain preferred embodiments, it Is to 
be understood that the subject matter encompassed by 
way of this invention is not to be limited to those specific 
embodiments. 

[0068] On the contrary, it Is intended for the subject 
matter of the Invention to include all alternative, modifi- 
cation and equivalents as can be included within the 



spirit and scope of the following claims. 
Claims 

5 1. A diversity receiver for use in a burst OFDM modu- 
lated signal transmission system, comprising: 

a plurality of antennas for receiving burst 
OFDM modulated signals; 
10 a plurality of amplifiers for respectively amplify- 

ing output signals from said antennas; 
a plurality of switches for respectively turning 
on/off output signals from said amplifiers; 
a synthesizer for synthesizing output signals 
15 from said switches; 

a detector for detecting an output level of said 
synthesizer; 

an antenna control circuit which sequentially 
turns on said switches one by one based on an 
20 output from said detector or controls so as to 

turn on said switches in accordance with a pre- 
determined number of outputs; and 
a demodulator for demodulating said burst 
OFDM modulated signal based on an output 
25 from said detector. 

2. A diversity receiver according to claim 1 , wherein 
said antenna control circuit comprises: a burst sig- 
nal detector for comparing an output from said 

30 detector with a first threshold value to detect said 
burst OFDM modulated signal; and a control signal 
generation circuit which sequentially turns on said 
switches one by one before detecting said burst 
OFDM modulation signal and controls so as to turn 

35 on said all switches after detecting said burst 
OFDM modulated signal. 

3. A diversity receiver according to claim 1 , wherein 
said antenna control circuit comprises: a burst sig- 

40 nal detector for comparing an output from said 
detecting means with a first threshold value to 
detect said burst OFDM modulated signal; and a 
control signal generation circuit which measures 
each output level of a plurality of said amplifiers 

45 after detecting said burst OFDM modulated signal 
and controls said switches so as to input to said 
synthesizer an output signal from said amplifier 
having an output level higher than a second thresh- 
old value. 

50 

4. A diversity receiver according to claim 1, wherein 
said antenna control circuit comprises: a burst sig- 
nal detector for comparing an output from said 
detector with a first threshold value to detect said 

55 burst OFDM modulated signal; and a control signal 
generation circuit which sequentially turns on said 
switches one by one before detecting said burst 
OFDM modulated signal, measures delay spread of 
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each output from a plurality of said amplifiers after 
detecting said burst OFDM modulated signal and 
controls said switches so as to input to said synthe- 
sizer an output signal of said amplifier having said 
delay spread smaller than a second threshold value 5 
in a plurality of said amplifiers. 

5. A diversity receiver according to claim 4, wherein 
said delay spread is derived based on channel 
delay spread obtained by said demodulator. 10 

6. A diversity receiver according to claim 5, wherein 
said demodulator detects said channel delay 
spread based on correlation between an input sig- 
nal and a previously stored preamble pattern of is 
said burst OFDM modulated signal. 

7. A diversity receiver according to claim 1 , wherein 
said antenna control circuit comprises: a burst sig- 
nal detector for comparing an output from said 20 
detector with a first threshold value to detect said 
burst OFDM modulated signal; and a control signal 
generation circuit which sequentially turns on said 
switches one by one before detecting said burst 
OFDM modulated signal, measures channel phase 25 
information of each output signal from a plurality of 
said amplifiers after detecting said burst OFDM 
modulated signal and controls said switches so as 

to input an output signal from said amplifier in 
phase to said synthesizer. 30 

8. A diversity receiver according to claim 7, wherein 
said channel phase information is derived based on 
an impulse response characteristic obtained by 
said demodulator. 35 

9. A diversity receiver according to claim 8, wherein 
said denTodulator detects said channel phase infor- 
mation based on correlation between an input sig- 
nal and a previously stored preamble pattern of 4o 
said burst OFDM modulated signal. 

10. A diversity receiver according to any of claims 1 to 

9, wherein a plurality of said switches turn on or off 
power supplies of a plurality of said amplifying 45 
means. 

11. A diversity receiver according to any of claims 1 to 

10, wherein said burst OFDM modulated signal has 

a preamble signal for antenna selection, a pream- so 
ble signal for synchronization and a preamble sig- 
nal for channel estimation at the forefront of data. 

12. A method for performing method steps correspond- 
ing to any function of any of the means of any of ss 
claims 1 to 1 1 . 
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